This work proposed a rotating disk electrode strategy to study the electrochemical corrosion performance of API-X100 pipeline steel immersed in a simulated oil/water emulsion under controlled electrochemical and hydrodynamic conditions. The mass-transfer of oxygen was found to be crucial to the cathodic process of steel in solution both before and after the addition of oil. Electrode rotation sped up the cathodic reduction by accelerating oxygen diffusion. In the solution, after the addition of oil, there was an increment in the limiting diffusive current density (LDCD), which resulted from the enhanced solubility of oxygen in the oil/water emulsion. The anodic current density decrease caused by the electrode rotating speed (ERS) increment resulted from the accelerated oxygen diffusion and reduction along with the enhancement in the oxidation of the steel. With the addition of oil, the anodic dissolution of steel decreased. This phenomenon was ascribed to the fact that a layer of an oily phase formed on the surface of the steel and the reaction activation energy increased. Upon the addition of oil, a variation of the corrosion reaction mechanism was observed, indicating the activation-controlled feature of the interfacial reaction instead of the mass-transfer controlled property.
